Abstract-Post-wall waveguides can fulfill the requirements for low-loss transmission lines and components in the interconnection between antenna and front-end electronics. In this paper we present a model based on an element-by-element method for simulating wave propagation in metallic and dielectric post-wall waveguides. We demonstrate that both types of waveguides support wave propagation and we show that undesired resonances can limit the range of operation.
I. INTRODUCTION
With the increase in working frequency of current microwave systems to the millimetre wave regime, the need for novel and low-loss transmission lines and components in implementing interconnects between antenna and front-end electronics is manifest. Preferably these structures should be low cost, integrable and easy to manufacture. Post-wall waveguides can satisfy these three requirements and serve as low-loss building blocks for an antenna feed network. A post-wall waveguide consists of a dielectric slab with metalization at the top and bottom. Within the slab linear arrays of cylindrical posts, bound an interior waveguiding region as depicted in Fig. 1 . The posts can be metalized vias or drilled holes in PCB dielectric material. Both structures are relatively easy to manufacture and low cost.
To date, most of the work on post-wall waveguides, is devoted to analysis and design with metallic posts [1] , [2] . For an overview of analysis techniques for such post-wall waveguides, such as BI-RME, transversal resonance technique, FDFD, we refer to [3] . The dielectric post-wall waveguide is not extensively treated in literature. Examples are the post-wall waveguide with low dielectric material on top and bottom, as presented in [4] , and the variation on the dielectric image line, with a metal ground plane on the bottom, as presented in [5] , [6] . These guides are designed using brute-force numerical tools based on FEM or FDTD solvers. Our strategy is to analyze both metallic and dielectric post-wall waveguides using a dedicated Method of Moments analysis while taking into account the physics of the problem. In [7] , we demonstrated that wave propagation in a dielectric post-wall waveguide is possible, where we used a simplified model specifically suited for posts of small diameter (typically smaller than λ/8).
In this paper we describe a general method of analysis for both metallic and dielectric post-wall waveguides. Moreover, we compare post-wall waveguides of metallic and dielectric posts, where the diameter of the dielectric posts is larger to ensure better confinement of the field. Finally we propose test structures for validating our analysis.
II. MODEL Fig. 2 shows the wave propagation in a post-wall waveguide with side walls consisting of more than one linear array. We model this propagation as a plane wave reflecting at the side walls by imposing appropriate boundary conditions. Moreover, we assume that 1) the cylinders are homogeneous, 2) the cylinders extend infinitely in the axial direction, and 3) only an electric field in the axial direction exists.
This implies that the field components in the axial direction only vary by a phase term reducing in effect to a 2D problem with the electric field solely described by the axial component. As a consequence, wave propagation can only occur in the (x, y)-plane.
Using a similar approach as in [8] , we expand the excitation field E cylinder E int z by Fourier series
and we enforce the continuity of the tangential electric (and magnetic) fields on the cylinder boundaries. This leads to a matrix systems of equations
where the A's are the unknown field expansion coefficients from (2) and Φ is a phase term
In the case of dielectric cylinders the elements of the block matrices C PQ can be written as
In the case of metallic cylinders this simplifies to
III. NUMERICAL RESULTS
In this section we present the results of numerical simulations for the two geometries listed in Table I . We consider in both cases an infinite post-wall waveguide which we represent by a truncated sum (m = −M, . . . , M ) over all the contributions to the unit cell, with L cylinders per side wall, as depicted in Fig. 2 . The first case concerns a post-wall waveguide with side walls consisting of single linear arrays of metallic posts (L = 1). Normalized to the wavelength of the background medium, this case is equal to the cases discussed in [1] and [3] . The second case concerns a post-wall waveguide with side walls consisting of three linear arrays of dielectric posts (L = 3). We investigate wave propagation characteristics by looking at the normalized propagation constant in the guide, which is directly related to the angle of propagation of the plane waves φ i by
If the spacing d x becomes larger than half a wavelength in the background medium 1, propagation can occur. The gratinglobe condition is expressed by
The occurrence of propagating modes or the excitation of grating-lobes by the walls of the post-wall waveguide, appear as resonances in the field expansion coefficients. In Fig. 3 (a) and 3(b) the modal resonances for the two different geometries are plotted, together with the boundary at which the first grating lobe appears (blue lines). The color scale is a measure for the magnitude of the sum of the absolute field expansion coefficients as a function of the wave number β and the frequency f . In the case of metallic cylinders the normalized dispersion curves of a rectangular waveguide with equal cutoff frequency are plotted (red lines dispersion curves match two clearly dinstinguishable curves in the color plot. This observation illustrates the correspondence between wave propagation in classical rectangular waveguides and post-wall waveguides. Moreover, wave propagation can indeed be identified from the color scale in Fig. 3(a) . For the dielectric case a comparison with simulation results from Ansoft HFSS is shown (red lines). As in the metallic case, these results match a clearly distinguishable curve in the color plot of Fig. 3(b) . Fig. 4 (a) and 4(b) depict the electric field in the (x, y)-plane for the main propagating mode, as indicated by marker 1 and 2 in Fig. 3 (a) and 3(b), in the metallic and dielectric post-wall waveguide respectively. In the case of the metallic posts we observe that the pattern is similar to that of the same mode in a rectangular waveguide and that the field is well-confined within the waveguide. The field plot for the dielectric posts shows that more parallel arrays of cylinders per side-wall are required to confine the field within the guiding region.
IV. MEASUREMENT RESULTS
In order to compare our analysis and the results from the HFSS simulations with data from measurements we are currently manufacturing a set of post-wall waveguides. The test samples are being fabricated in a microwave laminate, using standard PCB techniques. We use a slot-coupled microstrip line to excite the post-wall waveguide structures. In order to determine the propagation constant of the two different types of post-wall waveguide, we use the multiline method [9] . This method uses redundant measurements of several lengths of post-wall waveguide to minimize the error in the determination of the propagation constant. The test structures are representative of the metallic post-wall and dielectric post-wall waveguides discussed in this paper. The measurement results will be presented at the conference.
V. CONCLUSIONS
We presented a method for analysis of post-wall waveguides consisting of either metallic or dielectric cylinders and we demonstrated that guided wave propagation occurs in both types of structure. As soon as the first grating-lobe appears, undesirable resonances can occur giving rise to radiation effects that limit guided wave propagation.
Finally, we proposed a set of test structures for which measurement results will be presented at the conference.
